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OTHER SOURCE(S): MARPAT 130:158419 

ABSTRACT : 

The invention provides a compn. comprising 9-[2-(R)- 

[ [Bis [ [ (isopropoxycarbonyl ) oxy] methoxy] phosphinoyl] methoxy] propyl] adenine 
[bis (POC) PMPA] and fumaric acid (1:1) for oral delivery of (R)-9-[2- 
(phosphonomethoxy) propyl] adenine (PMPA). The compn. is useful as an 
intermediate for the prepn. of antiviral compds . , or is useful for 
administration to patients for antiviral therapy or prophylaxis. The compn. is 
particularly useful when administered orally. The invention also provides 
methods to make PMPA and intermediates in PMPA synthesis. Embodiments include 
lithium t-butoxide, 9- (2-hydroxypropyl) adenine and di-Et p- 
toluenesulf onylmethoxy-phosphonate in an org. solvent such as DMF. The 
reaction results in di-Et PMPA prepns . contg. an improved byproduct profile 
compared to di-Et PMPA made by prior methods. "Bis ( POC) PMPA" fumarate, or 
BPPF, was prepd. in 7 steps via reaction of (R) -4-methyl-l, 3-dioxolan-2-one 
with adenine and etherif ication of the product with ( EtO) 2P (O) CH2-OTs . 
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RL: SPN (Synthetic preparation); THU (Therapeutic use); BIOL (Biological 
study); PREP (Preparation); USES (Uses) 
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delivery) 
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2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ ( 1R) -2- ( 6-amino-9H-purin-9- 
yl) -l-methylethoxy]methyl] -, bis ( 1-methylethyl ) ester, 5-oxide, 
(2E) -2-butenedioate (1:1) (9CI) (CA INDEX NAME) 
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CMF C19 H30 N5 O10 P 
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CRN 110-17-8 

CMF C4 H4 04 

CDES 2:E 

Double bond geometry as shown. 
E .C02H 

H02C 
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ABSTRACT : 

Compds. are provided that comprise esters of antiviral phosphonomethoxy 
nucleotide analogs with carbonates and/or carbamates having the structure 
B-OC(R2)20C(0)X(R)n, wherein R2 independently is H, C1-C12 alkyl, aryl, 
alkenyl, alkynyl, alkyenylaryl , alkynylaryl, alkaryl, arylalkynyl, arylalkenyl 
or arylalkyl which is (un) substituted with halo, azido, nitro or 0R3 in which 
R3 is C1-C12 alkyl; X is N or 0; R is independently H, C1-C12 alkyl, aryl, 
alkenyl, alkynyl, alkyenylaryl, alkynylaryl, alkaryl, arylalkynyl, arylalkenyl 
or arylalkyl which is (un) substituted with halo, azido, nitro, -0-, -N=, -NR4 , 
-N(R4)2- or 0R3, R4 independently is -H or C1-C8 alkyl, provided that at least 
one R is not H; and n is 1 or 2, with the proviso that when n is 2 and X is N, 
(a) two R groups can be taken together to form a carbocycle or oxygen-contg . 
heterocycle, or (b) one R addnl . can be 0R3 . The compds. are useful as 
intermediates for the prepn. of antiviral compds. or oligonucleotides, or are 
useful for administration directly to patients for antiviral therapy or 
prophylaxis. Embodiments are particularly useful when administered orally. 
Thus , acyclic nucleotide I was prepd. and showed anti-HIV activity (IC50 < 
0.001 .mu.M) . 

IT 201340-95-6P 

RL: BAC (Biological activity or effector, except adverse); RCT (Reactant) 
SPN (Synthetic preparation); THU (Therapeutic use); BIOL (Biological 
study); PREP (Preparation); USES (Uses) 

(prepn. of phosphonomethoxy acyclic nucleotide analogs as antiviral 
agents) 
RN 201340-95-6 CAPLUS 

CN 2, 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl) 
1-methylethoxy] methyl] -, diethyl ester, 5-oxide, (R)- (9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 




0 



IT 201340-97-8P 201340-99-OP 201341-01-7P 
201341-03-9P 201341-05-1P 201341-07-3P 
202138-50-9P 202138-51-OP 

RL: BAC (Biological activity or effector, except adverse); SPN (Synthetic 
preparation); THU (Therapeutic use); BIOL (Biological study); PREP 
(Preparation); USES (Uses) 

(prepn. of phosphonomethoxy acyclic nucleotide analogs as antiviral 
agents ) 
RN 201340-97-8 CAPLUS 

CN 2,4, 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) 
1-methylethoxy] methyl] -, dibutyl ester, 5-oxide, (R)- (9CI) (CA INDEX 
NAME) 



Absolute stereochemistry . 
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RN 201340-99-0 CAPLUS 

CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
l-methylethoxy]methyl] -, bis ( 2-methylpropyl ) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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RN 201341-01-7 CAPLUS 

CN 2, 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
1-methylethoxy] methyl] -, bis ( 1 , 1-dimethylethyl ) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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RN 201341-03-9 CAPLUS 

CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
l-methylethoxy]methyl] -, bis ( 2 , 2-dimethylpropyl ) ester, 5-oxide, (R)- 
(9CI) (CA INDEX NAME) 



Absolute stereochemistry. 
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RN 201341-05-1 CAPLUS 

CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ ( 1R) -2- ( 6-amino-9H-purin-9- 
yl) -1-methylethoxy] methyl] bis ( 1-methylethyl ) ester, 5-oxide (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 




RN 201341-07-3 CAPLUS 

CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ 2- ( 6-amino-9H-purin-9-yl ) - 

1-methylethoxy] methyl] -, bis ( 1-ethylpropyl ) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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RN 202138-50-9 CAPLUS 

CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ ( 1R) -2- ( 6-amino-9H-purin-9- 
yl) -1-methylethoxy] methyl] -, bis ( 1-methylethyl ) ester, 5-oxide, 
(2E) -2-butenedioate (1:1) (9CI) (CA INDEX NAME) 

CM 1 



CRN 



201341-05-1 
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CMF C19 H30 N5 010 P 
Absolute stereochemistry. 




CM 2 

CRN 110-17-8 
CMF C4 H4 04 
CDES 2:E 

Double bond geometry as shown. 
E .C02H 

H02C 

RN 202138-51-0 CAPLUS 

CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ ( 1R) -2- ( 6-amino-9H-purin-9- 
yl) -1-methylethoxy] methyl] -3, 7-dimethyl-, dipropyl ester, 5-oxide (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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Patrick; Annaert, Pieter; Van Den Mooter, Guy; 

Arimilli, Murty N.; Kim, Choung U.; De Clercq, Erik 
CORPORATE SOURCE: Rega Institute for Medical Research, Katholieke 

Universiteit Leuven, Louvain, B-3000, Belg. 
SOURCE: Antimicrob. Agents Chemother. (1998), 42(7), 1568-1673 

CODEN: AMACCQ; ISSN: 0066-4804 
PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Journal 
LANGUAGE: English 
ABSTRACT: 

To overcome the low oral bioavailability of the. highly potent and selective 
antiretroviral agent (R) -9- ( 2-phosphonylmethoxypropyl ) adenine (PMPA) , its 
lipophilic ester deriv. bis ( isopropyloxycarbonyloxymethyl ) -ester 
[bis (POC) -PMPA] was prepd. The usefulness of bis ( POC) -PMPA. as an oral prodrug 
for PMPA was investigated in the intestinal mucosa Caco-2 cell monolayer model. 
The total transport of bis ( POC) -PMPA was 2.7%, whereas it was <0.1% for PMPA. 
Bis (POC) -PMPA was considerably metabolized inside the epithelial cells, since 
the majority of the compd. was recovered after transport in the form of the 
monoester metabolite mono (POC) -PMPA. Bis ( POC) -PMPA was relatively resistant to 
degrdn. at the luminal side of the Caco-2 cells. Pharmacokinetic studies in 
mice showed that the oral bioavailability of bis (POC) -PMPA calcd. from the 
curves of the concn. of free PMPA in blood plasma was 20%. Neither 
bis (POC) -PMPA nor mono ( POC) -PMPA could be recovered from blood plasma, 
suggesting the efficient release of the active drug PMPA after oral 
administration of bis ( POC) -PMPA. Severe combined immunodef icient (SCID) mice 
infected with Moloney murine sarcoma virus (MSV) and treated orally with 
bis (POC) -PMPA for 5 or 10 days at dosages of 50, 100, or 200 mg PMPA 
equiv. /kg/day showed a significant delay in MSV-induced tumor appearance and 
tumor-assocd. death. The antiviral efficacy of oral bis ( POC) -PMPA was related 
to the dosage and treatment period and was not significantly different from 
that of s.c. PMPA given at equiv. doses. The favorable pharmacokinetic 
profile, marked antiviral efficacy, and low toxicity make bis ( POC) -PMPA an 
attractive oral prodrug of PMPA that should be pursued in clin. studies in 
patients infected with human immunodeficiency virus or hepatitis B virus. 



IT 201341-05-1 

RL: BAC (Biological activity or effector, except adverse); BPR (Biological 
process); BIOL (Biological study); PROC (Process) 

(antiretroviral efficacy and pharmacokinetics of oral 

bis (isopropyloxycarbonyloxymethyl) -9- (2-phosphonylmethoxypropyl) adenine 
in mice) 
RN 201341-05-1 CAPLUS 

CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ ( 1R) -2- ( 6-amino-9H-purin-9- 
yl) -1-methylethoxy] methyl] -, bis { 1-methylethyl ) ester, 5-oxide (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 
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CAPLUS COPYRIGHT 1999 ACS 
1998:368901 CAPLUS 
129: 117461 

Antiviral activities of 9-R-2-phosphonomethoxypropyl 
adenine (PMPA) and bis ( isopropyloxymethylcarbonyl ) PMPA 
against various drug-resistant human immunodeficiency 
virus strains 

Srinivas, Ranga V.; Fridland, Arnold 

Department of Infectious Diseases, St. Jude Children's 
Research Hospital, Memphis, TN, 38105, USA 
Antimicrob. Agents Chemother. (1998), 42(6), 1484-1487 
CODEN: AMACCQ; ISSN: 0066-4804 
American Society for Microbiology 
Journal 
English 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
ABSTRACT: 

9-R-2-Phosphonomethoxypropyl adenine (PMPA) is an acyclic nucleoside 
phosphonate analog with efficacy against human immunodeficiency virus (HIV) . 
We recently described the synthesis, me tab., and biol. activities of 
bis (isopropyloxymethylcarbonyl ) PMPA [bis (poc) PMPA] as an orally bioavailable 
prodrug for PMPA. Among a large panel of drug-resistant HIV type 1 variants, 
only the K65R virus was resistant to PMPA. The K65R virus also showed reduced 
susceptibility to bis (poc) PMPA, although the prodrug could still inhibit these 
viruses at nontoxic submicromolar concns . In a panel of 7 primary clin. 
isolates from patients with diverse treatment histories, only one isolate 
showed reduced susceptibility to PMPA and was found to carry 3 mutations (M41L, 
T69N, R73K) in its reverse transcriptase catalytic domain. 
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RL: BAC (Biological activity or effector, except adverse); BIOL 
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(HIV virus drug-resistant strains sensitivity to 9-R-2- 
phosphonomethoxypropyladenine (PMPA) and its precursor 
bis (isopropyloxymethylcarbonyl) PMPA) 
RN 201341-05-1 CAPLUS 

CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ ( 1R) -2- ( 6-amino-9H-purin-9- 
yl) -1-methylethoxy] methyl] -, bis ( 1-methylethyl ) ester, 5-oxide (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 
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acyclic nucleoside phosphonate 9-R-(2- 
phosphonomethoxypropyl ) adenine (PMPA) , 
bis (isopropyloxymethylcarbonyl ) PMPA 

AUTHOR (S) : Robbins, Brian L . ; Srinivas, Ranga V.; Kim, Choung; 

Bischofberger , Norbert; Fridland, Arnold 

CORPORATE SOURCE: Department of Infectious Diseases, St. Jude Children's 

Research Hospital, Memphis, TN, 38105, USA 

SOURCE: Antimicrob. Agents Chemother. (1998), 42(3), 612-617 

CODEN: AMACCQ; ISSN: 0066-4804 

PUBLISHER: American Society for Microbiology 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

ABSTRACT: 

Bis (isopropyloxymethylcarbonyl ) 9-R- ( 2-phosphonomethoxypropyl ) adenine 
[bis (POC) PMPA] has been identified as a novel prodrug of PMPA. The anti-human 
immunodeficiency virus activity of bis (POC) PMPA was >100-fold greater than that 
of PMPA in both an established T-cell line and primary peripheral blood 
lymphocytes. This improved efficacy was shown to be due to a rapid 
intracellular uptake of the prodrug resulting in an increased intracellular 
accumulation of PMPA diphosphate (PMPApp), the Pharmacol, active metabolite. 
PMPApp levels in bis ( POC) PMPA-treated cells exceeded by >1000-fold the levels 
seen in cells treated with unmodified PMPA in both resting and activated 
peripheral blood lymphocytes. Significant differences in the intracellular 
catabolism of PMPA metabolites were noted between the resting and activated 
lymphocytes. The half-life for the disappearance of PMPApp, derived from 
either bis (POC) PMPA or PMPA, was 12 to 15 h in the activated lymphocytes and 33 
to 50 h in the resting lymphocytes. This long persistence of PMPApp, 
particularly in resting lymphocytes, may be unique to the nucleoside 
phosphonate analogs and indicates that effective levels of the active 
metabolite can be achieved and maintained with relatively infrequent 
administration of the parent drug. 

IT 201341-05-1 

RL: BAC (Biological activity or effector, except adverse) ; BPR (Biological 
process); THU (Therapeutic use); BIOL (Biological study); PROC (Process); 
USES (Uses) 

(anti-HIV activity and cellular metab. of prodrug of 
(phosphonomethoxypropyl ) adenine ) 
RN 201341-05-1 CAPLUS 

CN 2, 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ ( 1R) -2- ( 6-amino-9H-purin-9 
yl) -1-methylethoxy] methyl] bis ( 1-methylethyl ) ester, 5-oxide (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 
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TITLE: 



AUTHOR (S) : 



CORPORATE SOURCE: 
SOURCE: 

PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
ABSTRACT: 

A series of prodrugs designed to enhance the oral bioavailability of the 
antiretroviral agent 9- [ (R) -2- (phosphonomethoxy) propyl ] adenine (PMPA) have been 
synthesized, including a bis- (acyloxymethyl ) ester and a series of 
bis- (alkoxycarbonyloxymethyl) esters. All prodrugs were rapidly hydrolyzed in 
dog plasma and tissues (tl/2 <60 min) . In fasted beagle dogs, 
bis [ (pivaloyloxy) methyl] PMPA (bis-POM PMPA) had the highest oral 
bioavailability as PMPA (37.8 . +- . 5.1%). The oral bioavailabilities of PMPA 
from bis (alkoxycarbonyloxymethyl ) esters ranged from 16.0% to 30.7% and PMPA 
was the major metabolite formed. There was a correlation between oral 
bioavailability and intestinal stability of bis (alkoxycarbonyloxymethyl ) ester 
prodrugs (r2 = 0.96). Lipophilicity (log P) was not a good predictor of oral 
bioavailability. The most labile prodrugs in dog intestinal homogenates, 
bis (n-butyloxycarbonyloxymethyl ) PMPA and bis- (neopentyloxycarbonyloxymethyl ) 
PMPA (tl/2 <5 min) had the lowest oral bioavailabilities. Based on good oral 
bioavailability (30.1%), chem. and intestinal stability 

bis (isopropyloxycarbonyloxymethyl) PMPA {bis-POC PMPA) was selected as a 
candidate for clin. evaluation. 
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RL: BPR (Biological process); THU (Therapeutic use); BIOL (Biological 
study); PROC (Process); USES (Uses) 

(metab. and pharmacokinetics of oral prodrugs of 9-[(R)-2- 

(phosphonomethoxy) propyl] adenine in dogs) 
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CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl) - 
l-methylethoxy]methyl] -, diethyl ester, 5-oxide, (R)- (9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 
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CN 2,4, 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
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1-methylethoxy] methyl] -, dibutyl ester, 5-oxide, (R)- (9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 



NH2 
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CN 2, 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl) - 
1-methylethoxy] methyl] -, bis ( 2-methylpropyl ) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl) - 
l-methylethoxy]methyl] -, bis ( 1 , 1-dimethylethyl ) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
1-methylethoxy] methyl] -, bis (2, 2-dimethylpropyl ) ester, 5-oxide, (R) - 
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(9CI) (CA INDEX NAME) 
Absolute stereochemistry. 
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CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ (1R) -2- ( 6-amino-9H-purin-9 
yl) -l-methylethoxy]methyl] -, bis ( 1-methylethyl ) ester, 5-oxide (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 
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CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
l-methylethoxy]methyl] -, bis ( 1-ethylpropyl ) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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bioavailability of 9- [2- (phosphonomethoxy) propyl ] adeni 
ne (PMPA) prodrugs 

AUTHOR(S): Arimilli, M. N . ; Kim, C. U.; Dougherty, J.; Mulato, 
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ABSTRACT: 

Potentially orally bioavailable prodrugs of the antiretroviral agent 
9- [2- (phosphonomethoxy) propyl] adenine (PMPA) were evaluated. Alkyl Me 
carbamates were synthesized by alkylation of PMPA with the corresponding alkyl 
chloromethyl carbonate and N-alkyl chloromethyl carbamate reagents. The ■ 
prodrugs were evaluated for in vitro antiviral activity in addn. to chem. and 
enzymic stability. The inhibition of human immunodeficiency virus type 1 
(HIV-1) strain IIIB replication of MT-2 cells by the carbonate prodrugs was 
found to be 2.5-500-fold increased compared to PMPA. The alkyl Me carbonates, 
except t-Bu Me carbonate, had reasonable chem. stability at pH 2.2 and 7.4, but 
were rapidly converted to the corresponding monoester of PMPA in the presence 
of dog plasma. The alkyl Me carbamate prodrugs such a N-t-Bu Me carbamate were 
found to have high stability in vitro. Based on its chem. stability and good 
oral bioavailability, bis (POC) PMPA (iso-Pr methylcarbonate ) was chosen as a 
clin . candidate . 
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RL: BAC (Biological activity or effector, except adverse); PRP 
(Properties); SPN (Synthetic preparation); BIOL (Biological study); PREP 
( Preparation) 

(prepn., antiretroviral activity, and oral bioavailability of 
9- [2- (phosphonomethoxy) propyl] adenine prodrugs) 
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CN 2, 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl) - 
1-methylethoxy] methyl] -, diethyl ester, 5-oxide, (R)- (9CI) (CA INDEX 
NAME) 

Absolute stereochemistry. 
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CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) • 
1-methylethoxy] methyl] -, dibutyl ester, 5-oxide, (R)- (9CI) (CA INDEX 
NAME) 
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Absolute stereochemistry . 
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CN 2,4, 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
1-methylethoxy] methyl] -, bis (2-methylpropyl) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl) - 
l-methylethoxy]methyl] -, bis ( 1 , 1-dimethylethyl ) ester, 5-oxide, (R) - (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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CN 2,4, 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [2- ( 6-amino-9H-purin-9-yl ) - 
1-methylethoxy] methyl] -, bis (2, 2-dimethylpropyl ) ester, 5-oxide, (R) - 
(9CI) (CA INDEX NAME) 



Absolute stereochemistry. 
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RN 201341-05-1 CAPLUS 

CN 2,4,6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ (1R) -2- ( 6-amino-9H-purin-9 
yl) -1-methylethoxy] methyl] -, bis ( 1-methylethyl ) ester, 5-oxide (9CI) (CA 
INDEX NAME) 

Absolute stereochemistry. 
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CN 2 , 4 , 6, 8-Tetraoxa-5-phosphanonanedioic acid, 5- [ [ 2- ( 6-amino-9H-purin-9-yl ) - 

1-methylethoxy] methyl] -, bis ( 1-ethylpropyl ) ester, 5-oxide, (R)- (9CI) 
(CA INDEX NAME) 

Absolute stereochemistry. 
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chain nodes : 

10 11 12 13 
28 29 
ring nodes : 

1 2 3 4 5 6 
chain bonds : 

3-27 9-10 10-11 11-12 12-13 13-14 13-20 13-21 14-15 15-16 
17-18 17-29 18-19 21-22 22-23 23-24 24-25 24-28 25-26 
ring bonds : 

1-2 1-6 2-3 3-4 4-5 4-7 5-6 5-9 7-8 8-9 
exact /norm bonds : 

3-27 4-7 5-9 7-8 8-9 
exact bonds : 

9-10 10-11 11-12 12-13 13-14 13-20 13-21 14-15 15-16 16-17 
17-18 17-29 18-19 21-22 22-23 23-24 24-25 24-28 25-26 
normalized bonds : 

1-2 1-6 2-3 3-4 4-5 5-6 



16-17 



Connectivity : 

10:2EC 19:1EC 26:1EC 
Match level : 

1 : Atom 2 : Atom 3 : Atom 4 : Atom 5 : Atom 6 : Atom 7 : Atom 8 : Atom 9 : Atom 
10: CLASS 11: Atom 12 : Atom 13: Atom 14: Atom 15: Atom 16: Atom 17: Atom 
18: Atom 19: CLASS 20: Atom 21: Atom 22: Atom 23: Atom 24: Atom 25: Atom 
26: CLASS 27 -.Atom 28: Atom 29: Atom 



